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1. ABSTRACT 
Illusory modification  of the enhanced lightness connected to 
the appearance  of “anomalous”  figures,  with  illusory  
contours,  is investigated in Ebbinghaus like displays. 
 
 
2. INTRODUCTION 
Illusory contours are those perceived  without any luminance 
or colour change between two areas. A classic example of 
illusory contours is the “Kanizsa triangle” (Kanizsa, 1976). 
 
 
Fig. n. 1 Kanizsa triangle: the ‘sides’ seen extending 
between the discs are illusory, as the difference in 
lightness of the triangle and the white background. 
 
Observers  see a white triangle on the top of three black 
disks; the white triangle appears lighter, although it has the 
same luminance  of the white background.  Also squared  or 
irregular “anomalous” figures can be created (Kanizsa & 
Gerbino, 1987). Several  competing  explanations  have been 
put forward  for the effect (Dumais,  & Bradley, 1976; Coren, 
1991; Ramachandran & Rogers-Ramachandran, 2005), which 
will not be discussed in this context. The lightness/brightness 
of a surface is a function of  the  luminance  of  the  area  
(candles/mq);   when  the  same intensity  is spread  over a 
larger  area the luminance  decreases, and “normally”  also the 
lightness is. Phenomenal  modifications of lightness have been 
considered mainly in situations in which surfaces are affected 
by contrast, when different luminance/reflectance areas are 
simultaneously present (Li & Gilchrist, 1999; Gilchrist & 
Radonjić, 2009) Lightness can also be  affected  by  illusory  
modification  of  the  magnitude  of  an area:  a  white  disk,  
when  inside  a  small  concentric  circle  (a display  like those 
originally  proposed  by Delboeuf),  looks not only  larger  but 
also lighter  than  when  surrounded  by a larger one. Increased  
size and lightness  appear  correlated  (Zanuttini, Daneyko  & 
 
 
 
 
 
 
 
 
 
 
 
Zavagno,  2009). This effect is counterintuitive,  as the  same  
intensity  is  spread  over  a  larger  area  (Zanuttini  & Danejko,  
2010).  The  same  lightness  effect  has been  observed with the 
Ebbinghaus  figure; moreover  when the central disk is grey it 
looks darker (Danejko, Zavagno. & Zanuttini, 2011). What will 
happen of the lightness of an anomalous figure, when the   
size   of   the   packs   is   manipulated    in   a   Delboeuf   or 
Ebbinghaus like manner? 
 
 
3. THE EXPERIMENT 
The   aim   of   the   present   experiment   was   to   modify   
the exquisitely   phenomenal   lightness   of   an   anomalous   
figure through   an  illusory   modification   of  its  size,  effect  
that  in previous  experiments  has proved  to affect perceived  
lightness. It is  assumed  that  the  packs,  contributing  to  the  
onset  of  an anomalous square, can behave as the inducing 
circles in an Ebbinghaus   display:   the   smaller   the  disks,   
the  larger   the anomalous figure. 
 
3.1 Method 
Three anomalous  figures produced  by packs of increasing  
size were  used  as  experimental  stimuli.  In order  to 
counteract  the increased  contrast effect, as the packs were 
enlarged they were proportionally  lightened;  two conventional  
squares (one darker and one lighter than the background)  
were added. The displays were presented according to the Pair 
Comparison Method (Thurstone,  1927). Each square (3cm wide) 
came into view for 3 sec, randomly  on a monitor (Apple 
Cinema Display, 20 inch widescreen)  on both the left and 
right side of the screen, four times, at a viewing distance of 
approximately 70 cm. 
 
 
Fig. n. 2 Experimental  displays (Photoshop Grayscale). 
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Thirty students,  ages 20 to 25, took part in the experiment  in 
a room with almost total darkness.  First they were asked 
(twice) to evaluate the magnitude of the squares (i.e. which one 
looked larger in each pair). Then the same figures were 
presented according  to the same procedure,  and the 
observers  had to say (twice) which was lighter. 
 
3.2 Results 
Scale   separations   have   been   computed   both   for 
squares magnitude and square lightness (Guilford, 1954). 
 
Table  1.  Proportions   of  the  time  each  display  has  
been judged larger. 
 
 
 
 
The perceived size of the anomalous squares appears to be 
affected by the size of the inducing packs: the smaller the pack 
s, the larger the in sid e sq uare. 
 
Table  2.  Proportions   of  the  time  each  display  has  
been judged lighter. 
 
 
 
The  perceived   lightness   varies   with   the  magnitude   of  
the inducers9: the anomalous square C with the smaller packs 
looks the lightest (except square B, lighter than the 
background)  and 
square D appears the darkest (except square B, darker than the 
background). 
 
 
4. DISCUSSION 
Both the perceived size of the “anomalous” squares and the 
phenomenal   lightness,   at  the  basis  of  their  appearance,   
are affected by the size of the packs. Nevertheless the order 
and the distance of the stimuli on the two different continua are 
not the same. The perceived anomalous area increases as the 
size of the packs  decreases.   The  lightness,  on  the  other  
hand,  is  at  a maximum  in display  C (smallest  packs)  and at 
a minimum  in display D (intermediate  packs). The enhanced 
luminance of the packs  in  E  might  have  produced   some  
interfering   contrast effect. The magnitude  of a figure  that 
has only  a phenomenal existence can be illusorily modified, 
and it’s perceived lightness can be affected,  without  any 
change  in the surface luminance. More   experiments   are  
needed   to   clarify   whether   the   two different  effects  
merely  concur  or  whether  they  are,  in  some way, causally 
connected. 
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1Scale separations between pairs (matrix Z). 
 
2 Σzjk: sums of the columns in matrix Z.  
3 Mzjk: average of the original matrix transformed in Z scores to 
represent the psychological distance on the magnitude continuum 
(Thurstone, 1927).  
4 Rj: scale values obtained by giving the value zero to the lowest 
stimulus in the list. 
5 Scale separations between pairs (matrix Z) 
 
6 Σzjk: sums of the columns in matrix Z.  
7 Mzjk: average of the original matrix transformed in Z scores to 
represent the psychological distance on the lightness continuum.  
8 Rj: scale values obtained by giving the value zero to the lowest 
stimulus in the list. 
9 The order is supported by the experimental proportion matrix, 
not significantly different from the theoretical one (χ = 3.069, 6 
df, p=.80)
 
